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(54) Laminated film 

(57) A !arrrnated f:!m comprising arTal-minr-Tnlayer 

(A) and, superimposed on one side thereof by extrusion 
lamination, a linear low-density polyethylene layer (B), 

wherein said linear low-density polyethylene layer 

(B) is prepared by use of a metallocene olefin polymer- 
ization catalyst and has 

(i) a density (d; measured in accordance with ASTM 



- - D-*5€5}ho* c.895 to C.93C g/cm 3 ; and 

(ii) A melt flow rate (MFR; measured at 1 90°C under 
a load of 2. 1 6 kg in accordance with ASTM D 1 238) 
of 0.1 to 100 g/10 min; 

wherein the linear low-density polyethylene exhib- 
its an oxygen concentration of 1 .0 to 1 .4 atomic % at the 
surface of layer (B). 



V 
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D s ription 

FIELD OF THE INVENTION 

s [0001] The present invention relates to a laminated film which is used in packaging of dry foods or medicines, tc. 
BACKGROUND OF THE INVENTION 

[0002] Dry foods, for example, snacks such as potato chips, sweet stuffs such as biscuits, rice crackers and chocolate, 
10 and powder soup, when having absorbed moisture, exhibit poor palatability at the eating thereof. In particular, dry foods 
containing much oil, such as potato chips, when exposed to oxygen gas, has their oil component denatured. Therefore, 
it is commonly required that the packaging materials for these dry foods have excellent moistureproofing and oxygen 
gas barrier properties. Further, stricter requirements are imposed on the packaging materials for medicines because 
of the need to prevent the denaturation thereof by moisture absorption or gas. As a typical example of these packaging 
15 materials, use is made of a laminated film formed by extrusion lamination which consists of a surface substrate layer 
composed of, for example, a polyamide resin, a polyethylene terephthalate resin or paper, a polyethylene layer com- 
posed principally of a high-pressure-processed low-density polyethylene and a sealant layer composed of an aluminum 
foil or an acid copolymer such as ethylene/methacrylic acid copolymer (EMAA) or an ionomer. 
[0003] The acid copolymer such as EMAA or an ionomer has the property of being excellent in adherence to aluminum 
20 foils, not possessed by the conventional high-pressure-processed low-density polyethylene, so that it is often employed 
in the above use. However, the acid copolymer is expensive and has an odor problem. Furthermore, when the acid 
copolymer is employed in the production of the above laminated film by extrusion lamination, satisfactory purging is 
required in the resin change to another such as the high-pressure-processed low-density polyethylene to thereby cause 
a problem of much resin loss. 

25 [0004] For solving the above problems of the prior art, the inventors have selected the use of a linear low-density 
polyethylene (M-LLDPE) prepared with the use of a metallocene olefin polymerization catalyst, in place of the acid 
copolymer such as EMAA or an ionomer, as the sealant resin and have studied the adherence of M- LLDPE layer to 
aluminum foil and the heat sealing properties of M-LLDPE layers. Taking into account that, in actual packaging, the 
bond strength between sealant layers is occasionally regarded as being more important than the bond strength between 

30 s alant layer and aluminum layer, the inventors have found a laminated film which has a desirable balance of heat 
sealing properties and aluminum bond strength, thus, has an excellent quality as a dry food packaging material. The 
present invention has been completed on the basis of this finding. 

OBJECT OF THE INVENTION 

35 

[0005] The object of the present invention is to provide a laminated film formed by extrusion lamination, which com- 
prises an aluminum layer composed of an aluminum foil or an aluminum vapor deposition film and a linear low-density 
polyethylene layer prepared with the use of a metallocene olefin polymerization catalyst, thereby having a desirable 
balance of aluminum bond strength and heat sealing properties of linear low-density polyethylene layers, and further 
40 to provide a laminated film of multilayer structure having at least three layers including these. 

SUMMARY OF THE INVENTION 

[0006] The laminated film of the present invention comprises at least an aluminum layer (A) and, superimposed on 
45 one side thereof by extrusion lamination, a linear iow-density polyethylene layer (B), this linear low-density polyethylene 
layer (B) prepared with the use of a metallocene olefin polymerization catalyst and having (i) a density (d; measured 
in accordance with ASTM D 1505) of 0.895 to 0.930 g/cm 3 and (ii) a melt flow rate (MFR; measured at 190°C under 
a load of 2.16 kg in accordance with ASTM D 123B) of 0.1 to 100 g/10 min, 

wherein the linear low-density polyethylene layer (B) at its surface exhibits an oxygen concentration of linear low- 
s o d nsity polyethylene per se ranging from 1 .0 to 1 .4 atomic %. 

[0007] In the laminated film of the present invention, a substrate layer (C) may further be superimposed on the 
opposite side of the aluminum layer (A) remote from the linear low-density polyethylene layer (B). 
[0008] Also, in the laminated film of the present invention, a polyethylene layer (D) and a substrate layer (C) in this 
order may further be superimposed on the opposite side of the aluminum layer (A) remote from the linear low-density 
55 polyethyl ne layer (B). 

[0009] Moreover, in the laminat d film of the present invention, a first polyethyl ne layer (D) and a substrate layer 
(C) in this order may further be superimposed on the opposite side of th aluminum layer (A) remote from the linear 
low-density polyethylene layer (B) and a second polyethylene layer (D) may further be superimposed on the linear low- 
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density polyethylene layer (B). 

[0010] Still moreover, in the laminated film of the present invention, a first substrate layer (C), a polyethylene layer 
(D) and a second substrate layer (C) in this order may further be superimposed on the opposite side of the aluminum 
layer (A) remot from the linear low-density polyethylene layer (B). 
s [0011] When a linear low-density polyethylene having a desirable balance of melt tension and fluidity and having an 
excellent moldability is needed as one for use in the formation of the linear low-density polyethylen layer (B), pr ferred 
us is made of a copolymer of ethylene and an cc-olefin which is: 

a copolymer of ethylene and an a-ol fin having 4 to 20 carbon atoms having: 

10 (i) a density (d) ranging from 0.895 to 0.930 g/cm 3 ; 

(ii) a melt flow rate (MFR), measured at 190 D C under a load of 2.16 kg, ranging from 0.1 to 100 g/10 min; 
. (iii) a melt flow rate (MFR, g/1 0 min) and a melt tension (MT, g) measured at 1 90°C, which satisfy the relationship: 

75 MT>2.0xMFR" 084 ; 

(iv) a fluidity index (Fl, 1/sec) defined as a shearing rate exhibited when the shearing stress of molten polymer at 
190°C has reached 2.4 x 10 6 dyne/cm 2 , the fluidity index and the melt flow rate (MFR, g/10 min) satisfying the 
relationship: 

20 

Fl > 75 x MFR; 



(v) a n-decane soluble content (W, wt.%) measured at 23°C, the n-decane soluble content and the density (d, g/ 
25 cm 3 ) satisfying the relationship: 

when MFR < 10 g/10 min, 



W < 80 x exp(-100(d-0.88)) + 0.1 , 



30 



and 

when MFR > 1 0 g/1 0 min, 



3S W<80x(MFR-9) xexp(-100(d-0.88)) + 0.1; 

and 

(vi) a temperature exhibited at the maximum peak of endothermic curve obtained by a differential scanning calo- 
rimeter (Tm, °C), the temperature and the density (d, g/cm 3 ) satisfying the relationship: 

40 

Tm < 400d - 250. 

DETAILED DESCRIPTION OF THE INVENTION 

45 

[0012] The laminated film of the present invention will be described in detail below. 

[001 3] The laminated film of the present invention comprises at least an aluminum layer (A) and a linear low-density 
polyethylene layer (B) prepared with the use of a metallocene olefin polymerization catalyst. Furthermore, the laminated 
film of the present invention may have a multilayer structure of at least three layers which, in addition to the aluminum 
so layer (A) and linear low-density polyethylene layer (B), include a substrate layer (C) and a polyethylene layer (D). 

Aluminum layer (A) 

[001 4] An aluminum foil or an aluminum vapor deposition film is mainly employed as a material for us in the formation 
55 of the aluminum layer (A). 

[0015] The thickness of the aluminum foil is generally in the range of 6 to 15 |im. 

[0016] The type of substrate for use in the aluminum vapor deposition film is basically not particularly limited as long 
as it is a material possessing film forming capability. For example, use can be made of any polymer, paper or c llophane. 
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v [0017] This polymer can be selected, for example, from among: 

o 

o'efn po'ymers sjch as h : gh-dens : ty poiyethy'ene, med : -m-density po'yethylene, 'ow-xtens^ polyettiy^eTiB, Bth- 

ylene/vinyl acetate copolymer, ethyl en e/acry lie ester copolymer, ethylene/vinyl alcohol copolymer, ionomers, poly- 
s propylene, poly-1 -butene and poly-4-methyl-1 -pentene; 

vinyl polymers such as polyvinyl chloride, polyvinylidene chloride, polystyrene, polyacrylates and polyacrylonitrile; 

polyamides such as nylon 6, nylon 66, nylon 10, nylon 11, nylon 12, nylon 610 and poly-m-xylyleneadipamide; 

polyesters such as poly thylen terephthalate (PET), polyethylene terephthalate/isophthalate and polybutylene 

terephthalate (PBT); 
w polyvinyl alcohol (PVA); and 

polycarbonates. The film prepared from these polymers may have no molecular orientation or may be uniaxially 

or biaxially oriented. 

Linear low-density polyethylene (B) 

15 

[0018] The linear low-density polyethylene for use in the formation of the linear low-density polyethylene layer (B) is 
a copolymer of ethylene and an cc-olefin obtained by polymerizing ethylene and an a-olefin having 3 to 20 carbon atoms 
in the presence of a metallocene olefin polymerization catalyst. 

[0019] The a-olefin having 3 to 20 carbon atoms for use in the copolymerization with ethylene is selected from among, 
20 for example, propylene, 1 -butene, 1 -pentene, 1-hexene, 4-methyl-1 -pentene, 1-octene, 1-decene and 1-dodecene. Of 
these, a-olefins having 3 to 1 0 carbon atoms are preferred and a-olefins having 4 to 8 carbon atoms are still preferred. 
[0020] The above a-olefins can be used either individually or in combination. 

[0021] In the linear low-density polyethylene for use in the present invention, the structural units derived from ethylene 
Q are preferably contained in an amount of at 'east 50% by weight but 'ess than 1 00% -by -weight, -sti" preferably from 75 

25 to 99% by weight, yet still preferably from 75 to 95% by weight, and optimally from 83 to 95% by weight. The structural 
units derived from the a-olefin having 3 to 20 carbon atoms are preferably contained in an amount of not greater than 
50% by weight, still preferably from 1 to 25% by weight, yet stili preferably from 5 to 25% by weight, and optimally from 
5 to 17% by weight 

[0022] The composition of the linear low-density polyethylene is generally determined by homogeneously dissolving 
30 about 200 mg of linear low-density polyethylene in 1 ml of hexachlorobutadiene in a sample tube of 10 mm diameter 
and thereafter producing and analyzing a 13 C NMR spectrum of the thus obtained sample under conditions such that 
the measuring temperature, measuring frequency, spectral width, pulse repetition period and pulse width are 120°C, 
25.05 MHz, 1500 Hz, 4.2 sec and 6 |isec, respectively. 

[0023] The linear low-density polyethylene for use in the present invention has a density (measured in accordance 
35 with ASTM D 1505) of 0.895 to 0.930 g/cm 3 , preferably 0.895 to 0.910 g/cm 3 . The employment of the linear low-density 
polyethylene whose density is in the above range enables preparation of the desired laminated film through extrusion 
lamination which has an excellent balance of adherence to the aluminum layer (A) and heat sealing properties of linear 
low-density polyethylene layers (B). 

[0024] The density is determined by heating at 100°C for 1 hr an extrusion strand obtained at the time of measuring 
^0 the melt flow rate (MFR) at 190°C under a load of 2.16 kg, cooling it to room temperature over a period of 1 hr and 
measuring the density of the cooled strand by means of a density gradient tube. 

[0025] The melt flow rate (MFR, measured at 1 90°C under a load of 2.16 kg in accordance with ASTM D 1238) of 
this linear low-density polyethylene is generally in the range of 0.1 to 100 g/10 min, preferably 1 to 50 g/10 min, and 
still preferably 5 to 20 g/1 0 min. 
45 [0026] The above linear low-density polyethylene can be produced by copolymerizing ethylene and the a-olefin hav- 
ing 3 to 20 carbon atoms in the presence of metallocene olefin polymerization catalyst, namely, the catalyst containing 
a metallocene catalyst component described in, for example, Japanese Patent Laid-open Publication Nos. 6(1994)- 
9724, 6(1 994)-1 361 95, 6(1 994)-1 361 96 and 6(1 994)-207057. 

[0027] This metallocene catalyst generally consists of a metallocene catalyst component (al) composed of a com- 
50 pound of a transition metal of Group IVB of the periodic table which contains at least one ligand having a cyclopenta- 
dienyl skeleton and an organoaluminumoxy compound catalyst component (b), optionally together with a particulate 
support (c), an organoaluminum compound catalyst component (d) and an ionizing ionic compound catalyst component 
(«)■ 

[0028] Th metalloc ne catalyst component (a1) preferably mploy d in the present invention is one compos d of 
$5 a compound of a transition metal of Group IVB of the p riodic table which contains at least one ligand having a cy- 
clopentadienyl skeleton. This transition metal compound is, for example, one repr sented by the general formula: 
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ML 1 X [I] 

wher in x represents the valence of transition metal atom M. 

M represents a transition metal atom selected from among those of Group IVB of the periodic table. For example, 
it is zirconium, titanium or hafnium. Of these, zirconium is preferred. 

L 1 is a ligand joined to the transition metal atom M. At least one of the ligands represented by L 1 is one having a 
cyclopentadienyl skeleton. 

10 [0029] The above ligand L 1 having a cyclopentadienyl skeleton, joined to the transition metal atom M, is, for example, 
a cyclopentadienyl group unsubstituted or substituted with an alkyl group such as a methyl group and an ethyl group, 
an indenyl group, a 4,5,6,7-tetrahydroindenyl group or a fluorenyl group. These groups may be substituted with a 
halogen atom, a trialkylsilyl group, etc. 

[0030] When the above transition metal compound represented by the general formula [I] contains at least two cy- 
15 clopentadienyl skeleton having groups, two cyclopentadienyl skeleton having groups thereof may be bonded with each 
other through the medium of an alkylene group such as ethylene or propylene, a silylene group, or a substituted silylene 
group such as a dimethy'silylene group or a methylphenylsilylene group. 

[0031] Aluminooxanes are preferably used as the organoaluminumoxy compound catalyst component (b). For ex- 
ample, use is made of methylaluminooxane, ethylaluminooxane, methylethylaluminooxane and the like which individ- 
20 ually have generally about 3 to 50 repeating units represented by the formula: -AI(R)0- wherein R represents an alkyl 
group. These aluminooxanes can be produced by the conventional process. 

[0032] The particulate support (c) optionally used in the preparation of the olefin polymerization catalyst consists of 
an inorganic or organic compound and generally has a particle size of about 10 to 300 urn. Preferably, it is a 20 to 200 
|im granular or particulate solid. 
25 [0033] The inorganic support preferably consists of a porous oxide, which is, for example, SiO^, Al 2 0 3 , MgO, Zr0 2 
or T10 2 . 

[0034] The organoaluminum compound catalyst component (d) optionally used in the preparation of the olefin po- 
lymerization catalyst can be selected from among, for example, trialkylaluminums such as trimethylaluminum, dialky- 
laluminum halides such as dimethylaluminum chloride and alkylaluminum sesquihalides such as methylaluminum ses- 
30 quichloride. 

[0035] The ionizing ionic compound catalyst component (e) can be selected from among, for example, Lewis acids 
such as triphenylboron, MgCI 2 , Al 2 0 3 and Si0 2 -Al 2 0 3 listed in U.S. Patent No. 5,321,106; ionic compounds such as 
triphenylcarbeniumtetrakis(pentafluorophenyl) borate; and carborane compounds such as dodecaborane and bis-n- 
butylammonium (1 -carbedodeca)borate. 

35 [CC36] xu ,e 'r.ea' low-ders^y po'yethy'ere *o- use r t u e preser*. ! nvert:or car be obtared by copo'yne'izrg et u -- - - - 
ylene and an a-olefin having 3 to 20 carbon atoms in the presence of the above olefin polymerization catalyst in a 
gaseous phase or a liquid phase such as a slurry or solution phase under various conditions. 
[0037] In the present invention, when a linear low-density polyethylene having a desirable balance of melt tension 
and fluidity and having an excellent moldability is needed as one for use in the formation of the linear low-density 1 

40 polyethylene layer (B), preferred use is made of a copolymer of ethylene and an a-olefin (linear low-density polyeth- 
ylene) which is: 

a copolymer of ethylene and an a-olefin having 4 to 20 carbon atoms having: 

(i) a density (d) ranging from 0.895 to 0.930 g/cm 3 ; 
45 (ii) a melt flow rate (MFR), measured at 190°C under a load of 2.16 kg, ranging from 0.1 to 100 g/10 min; 

(iii) a melt flow rate (MFR, g/1 0 min) and a melt tension (MT, g) measured at 1 90°C, which satisfy the relationship: 

MT > 2 .0 x MFR 0 * 84 ; 

so 

(iv) a fluidity index (Fl, 1/sec) defined as a shearing rate exhibited when the shearing stress of molten polymer at 
190°C has reached 2.4 x 10 6 dyne/cm 2 , the fluidity index and the melt flow rate (MFR, g/10 min) satisfying the 
relationship: 

55 

Fl > 75 x MFR; 

(v) a n-decane soluble content (W, wt.%) measured at 23°C, the n-decane soluble content and the density (d, g/ 
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cm 3 ) satisfying the relationship: 
when MFR< 10 g/10 min, 

5 W<80xexp(-100(d-0.88)) + 0.1, 

and 

when MFR > 10 g/10 min, 

10 0 26 

W < 80 x (MFR-9) x exp(-100(d-0.88)) +0.1; 

and 

(vi) a temperature exhibited at the maximum peak of endothermic curve obtained by a differential scanning calo- 
is rimeter (Tm, °C), the temperature and the density (d, g/cm 3 ), satisfying the relationship: 

Tm < 400d - 250. 

20 [0038] In this ethylene/a-olefin copolymer, the structural units derived from ethylene are contained in an amount of 
from 65 to 99% by weight, preferably from 70 to 98% by weight, and still preferably from 75 to 96% by weight. The 
structural units derived from the a-olefin having 4 to 20 carbon atoms are contained in an amount of from 1 to 35% by 
weight, preferably from 2 to 30% by weight, and still preferably from 4 to 25% by weight. 

[0039] The a-olefin having 4 to 20 carbon atoms for use therein is selected from among, for example, 1-butene, 
25 1-pentene, 1-hexene, 4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1 -tetradecene, 1-hexadecene, 1-octa- 
deceneand 1-eicosene. 

[0040] This ethylene/a-olefin copolymer has a density (measured in accordance with ASTM D 1505) of 0.895 to 
0.930 g/cm 3 , preferably 0.895 to 0.910 g/cm 3 . 

[0041] The melt flow rate (measured at 190°C under a load of 2.16 kg in accordance with ASTM D 1238) of this 
30 ethylene/a-olefin copolymer is in the range of 0.1 to 100 g/10 min, preferably 1 to 50 g/10 min, and still preferably 5 to 
20 g/10 min. 

[0042] This ethylene/a-olefin copolymer has a melt flow rate (MFR, g/10 min) and a melt tension (MT, g) measured 
at 1 90*0, which satisfy the relationship: 

35 -084 

MT > 2.0 x MFR , . 

preferably MT > 2.2 x MFR- 0 - 84 , and 
still preferably MT > 2.5 x MFR*- 84 . 

40 

[0043] The ethylene/a-olefin copolymer exhibits a high melt tension and a good moldability from the viewpoint of the 
molecular weight thereof. 

[0044] Moreover, the ethylene/a-olefin copolymer for use in the present invention has a fluidity index (Fl, 1/sec) 
defined as a shearing rate exhibited when the shearing stress of molten polymer at 1 90°C has reached 2.4 x 1 0 6 dyne/ 
45 cm 2 , the fluidity index and the melt flow rate (MFR, g/10 min) satisfying the relationship: 

Fl >75xMFR, 

50 preferably Fl > 80 x MFR, and 

still preferably Fl > 85 x MFR. 

[0045] Generally, ethylene/a-olefin copolymers with a narrow composition distribution also have a narrow molecular 
weight distribution, so that th fluidity thereof is decreased to thereby exhibit a low Fi. With respect to the ethylene/a- 
55 olefin copolymer for use in th present invention, the Fl and MFR satisfy the abov relationship, so that a low stress 
is maintained up to a high shearing rate, thereby ensuring an exc li nt moldability. 

[0046] The ethylene/a-olefin copolymer for use in the present invention has a n-decane soluble content (W t wt.%) 
measured at 23°C, the n-decane soluble content and the density (d, g/cm 3 ) satisfying the relationship: 



s. 
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when MFR < 1 0 g/1 0 min, 

W < 80 x exp(-1 00(d-0.88)) +0.1, 

5 

preferably W < 60 x exp(-100(d-0.88)) + 0.1 , and 
still preferably W < 40 x exp(-100(d-0.88)) + 0.1; and 

when MFR > 1 0 g/1 0 min, 

10 

W < 80 x (MFR-9) 0 * 26 x exp(-100(d-0.88)) + 0.1. 



[0047] The above ethylene/ct-olefin copolymer having a small n-decane soluble content can be stated a narrow 
is composition distribution. 

[0048] The ethylene/a-olefin copolymer for use in the present invention has a temperature (Tm, °C) exhibited at the 
maximum peak of endothermic curve obtained by a differential scanning calorimeter (DSC), the temperature and the 
density (d, g/cm 3 ) satisfying the relationship: . 

20 

Tm < 400 x d - 250, 

preferably Tm < 450 x d - 297, 

still preferably Tm < 500 x d - 344, and optimally Tm < 550 x d - 391 . 

25 

[0049] The temperature Tm of the above ethylene/a-olefin copolymer is low from the viewpoint of the density thereof, 
so that the ethylene/a-olefin copolymer exhibits excellent heat sealing properties as compared with those of ethylene/ 
a-olefin copolymers not satisfying the above relationshiip even if the same density. 

[0050] This ethylene/a-olefin copolymer can be produced, for example, by copolymerizing ethylene and the a-olefin 
30 having 4 to 20 carbon atoms in the presence of an olefin polymerization catalyst so that the obtained polymer has a 
density of 0.895 to 0.930 g/cm 3 . The olefin polymerization catalyst is prepared from: 

(a2) a compound of a transition metal of Group IVB of the periodic table which contains a bidentate ligand com- 
prising two groups selected from among specified indenyl group and groups derived therefrom by substitution, the 
35 two groups bonded with each other through the medium of a lower alkylene group, or a compound of a transition 

metal of Group IVB of the periodic table which contains specified substituted cyclopentadienyl group as a ligand, 

(b) an organoaluminumoxy compound, and 

(c) a particulate support, optionally together with 

(d) an organoaluminum compound. 

40 

[0051] The above olefin' polymerization catalyst and individual catalyst components thereof will be described below. 
[0052] The above compound (a2), namely compound of a transition metal of Group IVB of the periodic table (here- 
inafter may be referred to as "component (a2) n ) is, for example, a transition metal compound represented by the formu la: 

45 2 

ML x [II] 

wherein M represents a transition metal atom selected from among those of Group IVB of the periodic table, and 
L 2 represents a ligand joined to the transition metal atom. At least two of the ligands represented by L 2 are substituted 
so cyclopentadienyl groups each having 2 to 5 substituents selected only from among methyl and ethyl groups, and the 
ligand L 2 other than the substituted cyclopentadienyl groups is a hydrocarbon group having 1 to 12 carbon atoms, an 
alkoxy group, an aryloxy group, a halogen atom, a trialkylsilyl group or a hydrogen atom, x is the valence of transition 
metal atom M : 

[0053] In the above formula [II], M represents a transition metal atom s lected from among those of Group IVB of 
55 the periodic tabl . For example, it is zirconium, titanium or hafnium. Of these, zirconium is preferred. 

[0054] L 2 represents a ligand joined to the transition metal atom M. At least two of the ligands represented by L 2 are 
substitut d cyclopentadi nyl groups each having 2 to 5 substituents selected only from among methyl and ethyl groups. 
The individual ligands may be identical with each other or different from ach other. Among the substituted cyclopen- 
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tadienyl groups, cyclopentadienyl groups having 2 or 3 substituents are preferred, disubstituted cyclopentadienyl 
groups are still preferred, and 1,3-disubstituted cyclopentadienyl groups are esp cially preferred. The substituents 
may be identical with each other or different from each other. 

[0055] In the above formula [II], the ligand L 2 joined to the transition metal atom M other than the substituted cy- 
clopentadienyl groups is a hydrocarbon group having 1 to 12 carbon atoms, an alkoxy group, an aryloxy group, a 
halogen atom, a triaikylsilyl group or a hydrogen atom. 

[0056] The hydrocarbon group having 1 to 12 carbon atoms is, for example, an alkyl group, a cycloalkyl group, an 

aryl group or an aralkyl group. More specifically, it is, for example, an alkyl group such as methyl, ethyl, n-propyl, 

isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, pentyl, hexyl, octyl, 2-ethylhexyl or decyl; a cycloalkyl group such as 

cyclopentyl or cyclohexyi; an aryl group such as phenyl or tolyl; or an aralkyl group such as benzyl or neophyl. 

[0057] The alkoxy group is, for example, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, 

t-butoxy, pentoxy, hexoxy or octoxy. 

[0058] The aryloxy group is, for example, phenoxy. 

[0059] The halogen atom is fluorine, chlorine, bromine or iodine. 

[0060] The triaikylsilyl group is, for example, trimethylsilyl, triethylsilyl or triphenylsilyl. 

[0061] Examples of these transition metal compounds represented by the formula [II] include: 

bis(dimethylcyclopentadienyl)zirconium dichloride, 

bis(diethylcyclopentadienyl)zirconium dichloride, 

bis (methylethylcyclopentadienyl) zirconium dichloride, 

bis(dimethylethylcyclopentadienyl)zirconium dichloride, 

bis(dimethylcyclopentadienyl)zirconium dibromide, 

bis(dimethylcyclopentadienyl)zirconium methoxychloride, 

bis(dimethylcyclopentadienyl)zirconium ethoxychloride, 

bis (dimethylcyclopentadienyl) zirconium butoxychloride, 

bis(dimethylcyclopentadienyl)zirconium diethoxide, 

bis (dimethylcyclopentadienyl)zirconium methylchloride, 

bis(dimethylcyclopentadienyl)zirconyldimethyl, 

bis(dimethylcyclopentadienyl)zirconium benzylchloride, 

bis(dimethylcyclopentadienyl)zirconyldibenzyl, 

bis (dimethylcyclopentadienyl)zirconium phenylchloride, 

and bis(dimethylcyc!opentadienyl)zirconium hydride chloride. 

[0062] In the above examples, the disubstituted cyclopentadienyl ring includes 1 ,2- and 1 ,3-disubstituted cyclopen- 
tadienyl ring, and the trisubstituted cyclopentadienyl ring includes 1 ,2,3-and 1 ,2,4-trisubstituted cyclopentadienyl ring. 
In the present invention, use can be made of transition metal compounds as obtained by substituting the zirconium 
metal of the above zirconium compounds with titanium or hafnium metal. 

[0063] Among these transition metal compounds represented by the formula [II], bis(1 ,3-dimethylcyclopentadienyl) 
zirconium dichloride, bis(1,3-diethylcyclopentadienyl)zirconium dichloride and bis(1-methyl-3-ethylcyclopentadienyl) 
zirconium dichloride are especially preferred. 

[0064] The organoaluminumoxy compound (b) (hereinafter may be referred to as "component (b)°) may be any of 
common benzene-soluble aluminooxanes, or benzene-insoluble organoaluminumoxy compounds as disclosed in Jap- 
anese Patent Laid-open Publication No. 2(1990)-276B07. 

[0065] The common aluminooxanes can be produced, for example, by contacting the below described organoalu- 
minum compound with water such as adsorbed water, crystal water, ice or steam, or by reacting the below described 
organoaluminum compound and organotin oxide. 

[0066] The particulate support (c) (hereinafter may be referred to as "component (c) n ) may be a granular or particulate 
solid consisting of an inorganic or organic compound and having a particle size^of 1 0 to 300 um, preferably 20 to 200 um 
[0067] The inorganic compound support preferably consists of a porous oxide, which is, for example, selected from 
among Si0 2 , Al 2 0 3 , MgO, Zr0 2 , Ti0 2 , B 2 0 3 , CaO, ZnO, BaO, Th0 2 and mixtures thereof, for example, SiO^MgO, 
Si0 2 /Al 2 0 3 , SiCyTiC^, SiCYV 2 0 5 , Si0 2 /Cr 2 0 3 and SiO^iO^MgO. Of these, oxides composed mainly of at least one 
member selected from the group consisting of Si0 2 and Al 2 0 3 are preferred. 

[0068] The above inorganic oxide can contain without any detriment a small amount of carbonate, sulfate, nitrate or 
oxide component such as Na^CXj, K 2 C0 3 , CaC0 3 , MgC0 3 , Na 2 S0 4 , A , 2 (S0 4 ) 3 , 3aS0 4 , KN0 3 , Mg(K0 3 ) 2 , A , (N0 3 ) 3 ; * 
Na 2 0, K 2 0 or Li 2 0. 

[0069] Although the properties of particulate supports of the inprganic compound are different depending on the type 
and production process, the particulate support suitably employed in the present invention pref rably has a specific 
surface area of 50 to 1 000 m 2 /g, still preferably 1 00 to 700 m 2 /g, and a por volume of 0.3 to 2.5 cm 3 /g. The particulate 
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support, according to necessity, is sintered at 100 to 1000°C, preferably 150 to 700°C, before use. 
[0070] Further, the organic compound support is, for example, a (co)polymer composed mainly of units of an a-olefin 
having 2 to 1 4 carbon atoms, such as ethylene, propylene, 1 -butene or 4-methyl-1 -pentene, or a polymer or copolymer 
composed mainly of vinylcyclohexane or styrene. 

[0071] The olefin polymerization catalyst for use in the production of the ethylene/a-olefin copolymer can be pr pared 
from the above components (a2), (b) and (c). According to necessity, an organoaluminum compound (d) may be used 
in the preparation. 

[0072] The organoaluminum compound (d) (hereinafter may be referred to as "component (d) n ) employed according 
to necessity can be one represented by, for example, the general formula: 

R 1 n AIX 3 „ n [III] 

wherein R 1 represents a hydrocarbon group having 1 to 12 carbon atoms, X represents a halogen atom or a 
hydrogen atom, and n is 1 to 3. 

[0073] In the general formula [III], R 1 represents a hydrocarbon group having 1 to 12 carbon atoms, for example, an 
alkyl group, a cycloalkyl group or an aryl group. More specifically, it is, for example, methyl, ethyl, n-propyl, isopropyl, 
isobutyl, pentyl, hexyl, octyl, cyclopentyl, cyclohexyl, phenyl or tolyl. 
[0074] Specific examples of suitable organoaluminum compounds include: 

trialkylaluminums such as trimethylaluminum, triethylaluminum, triisopropylaluminum, triisobutylaluminum, trioc- 
tylaluminum and tri-2-ethylhexy!aluminum; 
alkenylaluminums such as isoprenylaluminum; 

dialkylaluminum halides such as dimethyialuminum chloride, diethylaluminum chloride, diisopropylaluminum chlo- 
ride, diisobutylaluminum chloride and dimethyialuminum bromide; 

alkylaluminumsesquihalides such as methylaluminum sesquichloride, ethylaiuminum sesquichloride, isqpropyla- 
luminum sesquichloride, butylaluminum sesquichloride and ethylaiuminum sesquibromide; 
alkylaluminum dihalides such as methylaluminum dichloride, ethylaiuminum dichloride, isopropylaluminum dichlo- 
ride and ethylaiuminum dibromide; and 

alkylaluminum hydrides such as diethylaluminum hydride and diisobutylaluminum hydride. 

[0075] Also, as the organoaluminum compound (d), use can be made of compounds represented by the general 
formula: 

R>Y 3 . n [IV] 

wherein' R 1 represents the same hydrocarbon group as used in the general formula [III]; 
Y represents a group of the formula: -OR 2 , -OSiR 3 3 , -.OAIR 4 ^ -NR 5 2 , -SiR 6 3 or -N(R 7 )AIR 8 2 ; 
n is 1 to 2; 

each of R 2 , R 3 , R 4 and R 8 represents, 

for example, a methyl group, an ethyi group, an isopropyl group, an isobutyl group, a cyclohexyl group or a phenyl 
group; 

R 5 represents, for example, a hydrogen atom, a methyl group, an ethyl group, an isopropyl group, a phenyl group 
or a trimethylsilyl group; and 

each of R 6 and R 7 represents, for example, a methyl group or an ethyl group. 

[0076] Among these organoaluminum compounds, compounds represented by the formula: R 1 n AI(OAIR 4 2 )3_ n , for 
example, compounds represented by the formulae: (C 2 H 5 ) 2 AIOAI(C 2 H 5 ) 2 and (iso-C 4 H 9 ) 2 AIOAI(iso-C 4 H 9 ) 2 are pre- 
ferred. 

[0077] Among the organoaluminum compounds represented by the above general formulae [III] and [IV], compounds 
represented by the general formula: R 1 3 AI are preferred. Compounds wherein R 1 is an isoalkyl group are especially 
preferred. 

[0078] In th production of the ethylene/a-olefin copolym r, use is made of the catalyst prepared by bringing the 
above components (a2), (b) and (c) optionally together with the component (d) into contact. 

[0079] Thiscompon nt contact can be performed in an inert hydrocarbon solv nt. Th inert hydrocarbon solv ntfor 
us in the pr paration of the catalyst can be selected from among, for example, aliphatic hydrocarbons such as propane, 
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butane, p ntane, hexane, heptane, octane, decane, dodecane and kerosene; alicyclic hydrocarbons such as cyclopen- 
tane, cyclohexane and methylcyciopentane; aromatic hydrocarbons such as benzene, tolu ne and xyl ne; halogenated 
hydrocarbons such as ethylene chloride, chlorobenzene and dichloromethane; and mixtures thereof. 
[0080] Th catalyst for use in the production of the ethylene/a-olefin copolymer may be a prepolymerized catalyst 

5 which is obtain d by prepolymerizing an olefin in the presence of the above components (a2), (b) and (c) optionally 
together with the component (d). This prepolymerization can be performed by introducing an olefin into an inert hydro- 
carbon solvent in the presence of the above components (a2), (b) and (c) optionally together with the component (d). 
[0081] Ethylene or th a-olefin having 4 to 20 carbon atoms mentioned above can be mentioned as the olefin for 
use in the prepolymerization. Especially, ethylene or a combination of ethylene and the a-olefin employed in the po- 

10 lymerization is preferred. 

[0082] The prepolymerization can be performed by both a batch process and a continuous process. Further, the 
prepolymerization can be performed under any of reduced, ordinary and superatmospheric pressures. In the prepo- 
lymerization, it is preferred that a prepolymer whose intrinsic viscosity fa], measured in decalin at 135°C, is at least in 
the range of 0.2 to 7 dl/g, especially 0.5 to 5 dl/g, be produced by causing hydrogen to be present in the prepolymer- 

15 ization reaction. 

[0083] The ethylene/a-olefin copolymer is obtained by copolymerizing ethylene and the above a-olefin having 4 to 
20 carbon atoms in the presence of the above olefin polymerization catalyst or prepolymerized catalyst. 
[CC84J 'n the present TivenVon, *.he copoymer:zat : orrof -ethylerre-and an a-ole* : n carrbe per*omretf J Ta gaseoas- 
phase or a slurry liquid phase. 

20 [0085] When a slurry polymerization is performed, an inert hydrocarbon may be used as the solvent, or the olefin 
per se can be used as the solvent. 

[0086] The inert hydrocarbon solvent for use in the slurry polymerization can be selected from among, for example, 
aliphatic hydrocarbons such as butane, isobutane, pentane, hexane, octane, decane, dodecane, hexadecane and 
octadecane; alicyclic hydrocarbons such as cyclopentane, methylcyciopentane, cyclohexane and cyclooctane; aro- 
25 matic hydrocarbons such as benzene, toluene and xylene; and petroleum fractions such as gasoline, kerosene and 
light oil. Of these inert hydrocarbon solvents, aliphatic hydrocarbons, alicyclic hydrocarbons and petroleum fractions 
are preferred. 

[0087] In the practice of the slurry polymerization or gaseous phase polymerization process, the above olefin polym- 
erization catalyst or prepolymerized catalyst is preferably used in an amount of 10* 8 to 10' 3 gram atom/liter, still pref- 
30 erably 10* 7 to 1 0 -4 gram atom/liter, in terms of the concentration of transition metal atom in the polymerization reaction 
system. 

[0088] In this polymerization, the organoaluminumoxy compound and/or organoaluminum compound (d) like the 
component (b) may be added to the reaction system. In the polymerization, the atomic ratio (Al/M) of aluminum atoms 
(Al) ascribed to the organoaluminumoxy compound and organoaluminum compound to transition metal atoms (M) 
35 ascribed to the transition metal compound (a2) is in the range of 5 to 300, preferably 10 to 200, and still preferably 15 
to 150. 

[0089] The polymerization temperature is generally in the range of -50 to 100°C, preferably 0 to 90°C, in the practice 
of the slurry polymerization process, and is generally in the range of 0 to 1 20°C, preferably, 20 to 1 00°C, in the practice 
of the gaseous phase polymerization process. 
40 [0090] The polymerization is generally performed under superatmospheric conditions which range from atmospheric 
pressure to 100 kg/cm 2 , preferably 2 to 50 kg/cm 2 . The polymerization can be performed by any of the batch process, 
s micontinuous process and continuous process. 

[0091] Further, the polymerization can be performed in at least two stages employing reaction conditions different 
from each other. 

45 [0092] In the present invention, according to necessity, the above linear low-density polyethylene can be loaded with 
conventional additives such as a slip agent, an antiblocking agent, an antistatic agent, a weathering stabilizer, a heat 
resisting stabilizer, an antifogging agent, a pigment, a dye or a filler in an amount not detrimental to the object of the 
present invention. 

[0093] In the laminated film of the present invention, the thickness of the linear low-density polyethylene layer (B) is 
50 generally in the range of 1 0 to 50 jam, preferably 1 5 to 30 ^m. 

[0094] Although the linear low-density polyethylene layer (B) is generally used as a sealant layer, it can also be used 
as an intermediate layer of the laminated film. 

Substrat layer (C) 

55 

[0095] The laminated film of the present invention may include a substrate layer (C). Th typ of substrate for use 
in this substrate fay r (C) is not particularly limited as long as it is a material possessing film forming capability. For 
example, use can be made of any polymer, paper or cellophane. An anchor coating agent such as urethane type ones 
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may be applied to the surface of the substrate layer (C). 

[0096] This polymer can be selected, for example, from among: 

olefin polymers such as high-density polyethylene, medium-density polyethylene, low-density polyethyl n , eth- 
s ylene/vinyl acetate copolymer, ethylene/acrylic ester copolymer, ethylene/vinyl alcohol copolymer, ionomers, poly- 

propyien , poly-1-buteneand poly-4-methyl-1 -pentene; 

vinyl polymers such as polyvinyl chloride, polyvinylidene chlorid , polystyrene, polyacrylates and polyacrylonitrile; 
polyamides such as nylon 6, nylon 66, nylon 10, nylon 11, nylon 12, nylon 610 and poly-m-xylyleneadipamide; 
polyesters such as polyethylene terephthalate (PET), polyethylene terephthalate/isophthalate and polybutylene 
, 10 terephthalate (PBT); 

polyvinyl alcohol (PVA); and 

polycarbonates. The film prepared from these polymers may have no molecular orientation or may be uniaxially 
or biaxially oriented. The surface of this film may be coated with polyvinylidene chloride or may be provided with 
a metal material such as aluminum or silicon by vapor deposition. 

is 

[0097] When paper is used as the substrate, the substrate at its side opposite to that brought into contact with the 
polyethylene layer (D) may be coated with the above polymer or may be laminated with a film of the above polymer. 
[0098] In the laminated film of the present invention, the thickness of the substrate layer (C) is generally in the range 
of 10 to 30 \im, preferably 1 2 to 1 5 \im. 

20 

Polyethylene layer (D) 

[0099] In the laminated film of the present invention, the polyethylene layer (D) may be laminated onto the surface 
of the aluminum layer (A), linear low-density polyethylene layer (B) or substrate layer (C). Mainly, the high-pressure- 
25 processed low-density polyethylene is used in the formation of the polyethylene layer (D). This high-pressure-proc- 
essed low-density polyethylene is one produced by polymerizing ethylene in the presence of a radical polymerization 
catalyst under a high pressure. According to necessity, ethylene may be copolymerized with a small amount of another 
vinyl monomer. 

[0100] The high-pressure-processed low-density polyethylene for use in the present invention generally has a density 
30 (measured in accordance with ASTM D 1505) of 0.915 to 0.935 g/cm 3 , preferably 0.915 to 0.925 g/cm 3 . The high- 
pressure-processed low-density polyethylene whose density is in the above range is excellent in extrusion lamination 
workability. The density is determined by heating at 100°Cfor 1 hr an extrusion strand obtained at the time of measuring 
the melt flow rate (MFR) at 190°C under a load of 2.16 kg, cooling it to room temperature over a period of 1 hr and 
measuring the density of the cooled strand by means of a density gradient tube, 
35 [0101] The melt flow rate (MFR, measured at 190°C under a load of 2.16 kg in accordance with ASTM D 1238) of 
this high-pressure-processed low-density polyethylene is in the range of 1 to 70 g/10 min, preferably 3 to 25 g/10 min. 
The high-pressure-processed low-density polyethylene whose melt flow rate is in the above range is excellent in ex- 
trusion lamination workability. 

[0102] Besides the above high-pressure-processed low-density polyethylene, the linear low-density polyethylene 
40 produced by the use of conventional olefin polymerization catalysts such as Ziegler and metallocene olefin polymeri- 
zation catalysts can be used in the formation of the polyethylene layer (D). The linear low-density polyethylene is a 
copolymer of ethylene and at least one cc-olefin. This a-olefin has at least 4 carbon atoms, preferably 5 to 8 carbon 
atoms, and is selected from among, for example, 1-butene, 1 -pentene, 1-hexene, 1-heptene, 1-octene and 4-methyl- 
Irpentene. 

45 [0103] With respect to the ethylene to a-olefin comonomer ratio of the linear low-density polyethylene, the ratio of 
structural units derived from ethylene is preferably in the range of from 85 to 99.5 mol%, still preferably from 90 to 99.0 
moI%. The ratio of structural units derived from the a-olefin having at least 4 carbon atoms is preferably in the range 
of from 0.5 to 1 5 mol%, still preferably from 1 .0 to 1 0 mol%. 

[0104] The density (measured in accordance with ASTM D 1 505) of the linear low-density polyethylene is generally 
50 in the range of 0.890 to 0.930 g/cm 3 , preferably 0.910 to 0.925 g/cm 3 . The linear low-density polyethylene whose 
density is in the above range is excellent in extrusion lamination workability and interlayer adherence to an anchor 
coating layer. 

[0105] The melt flow rate (MFR, measured at 190°C under a load of 2.16 kg in accordance with ASTM D 1238) of 
this linear low-density polyethylene is generally in the range of 1 to 50 g/10 min, preferably 5 to 40 g/10 min, and still 
55 preferably 7 to 20 g/1 0 min. The linear low-density polyethylene whos melt flow rate is in the above range has excellent 
fluidity (extrudability). 

[0106] A resin composition consisting of a blend of the above high-pr ssure-processed low-density polyethylene 
(HP-LDPE) and linear low-density poly thylene (L-LDPE) can be used in the poly thylene layer (D). The blend weight 
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ratio of HP-LDPE/L-LDPE is generally in the range of 70/30 to 40/60, preferably 65/35 to 50/50. 

[0107] Moreover, a medium-density polyethylene and a high-density polyethylene can be used in the polyethylene 

layer (D). 

[0108] In th production of the laminated film of multilayer structure having at least thre lay rs including the poly- 
ethylen layer (D) laminated to one side of the linear low-density polyethylene layer (B) prepared with the use of the 
above metallocene olefin polymerization catalyst, when linear low-density polyethylene prepared with the use of the 
metalloc n olefin polymerization catalyst is employed as the polyethylene constituting the polyethylene layer (D), it 
is preferred that use be made of linear low^density polyethylen whose properties are different from those of the linear 
low-density polyethylene constituting the linear low-density polyethylene layer (B) or linear low-density polyethylene 
composition wherein, for example, the type and amount of additives, etc. are varied. 

[0109] According to necessity, this resin composition can be loaded with conventional additives such as a slip agent, 
an antiblocking agent, an antistatic agent, a weathering stabilizer, a heat resisting stabilizer, an antifogging agent, a 
pigment, a dye or a filler in an amount not detrimental to the object of the present invention. 

[0110] This resin composition is obtained by conducting blending or melt kneading of the above high-pressure-proc- 
ssed low-density polyethylene and linear low-density polyethylene optionally together with the above additives in 
accordance with the customary technique. 

[0111] The melt flow rate (MFR, measured at 190°C under a load of 2.16 kg in accordance with ASTM D 123B) of 
the thus prepared resin composition is generally in the range of 1 to 50 g/10 min, preferably 3 to 20 g/10 min. The 
density (measured in accordance with ASTM D 1505) of the resin composition is generally in the range of 0.900 to 
0.930 g/cm 3 t preferably 0.910 to 0.925 g/cm 3 . This resin composition is excellent in extrusion lamination workability 
(high-speed spreadability and neck-in). 

[0112] In the laminated film of the present invention, the thickness of the polyethylene layer (D) is generally in the 
range of 5 to 50 um, preferably 1 0 to 30 u.m. 

Laminated film 

[0113] The laminated film of the present invention comprises at least the aluminum layer (A) and the linear low- 
density polyethylene layer (B), and optionally together with the substrate layer (C) and further the polyethylene layer 
(D), integrated together by extrusion lamination. 

[0114] With respect to the laminated film of multilayer structure having at least three layers as obtained by adding 
layers to the laminated film comprising the aluminum layer (A) and the linear low-density polyethylene layer (B) inte- 
grated together by extrusion lamination, in the present invention, the structures thereof are arbitrary, which, for example, 
include: (1) substrate layer (C)/aluminum layer (A)/linear low-density polyethylene layer (B), and (2) substrate layer 
(C)/polyethylene layer (D)/aluminum layer (A)/linear low-density polyethylene layer (B), 

these representing fundamental structures with which the above various materials are combined; (3) substrate 
layer (C)/polyethylene layer (D)/aluminum layer (A)/linear low-density polyethylene layer (B)/polyethylene layer 
(D), 

this structure being for the purpose of shielding the odor of the linear low-density polyethylene layer (B) laminated 
at high temperature and for the purpose of compensating for the lowered heat sealing properties; and (4) substrate 
layer (C)/polyethylene layer (D)/substrate layer (C)/aluminum layer (A)/linear low-density polyethylene layer (B), 
this structure being for the purpose of enhancing the nerve of the laminated film. - 

[0115] As a special example of the multilayer laminated film structure, there can be mentioned: (5) substrate layer 
(C)/linear low-density polyethylene layer (B)/a!uminum layer (A)/polyethylene layer (D). 
[0116] Specific forms of the above structure (1 ) include: 

1) biaxially oriented nylon film layer/aluminum foil layer/metallocene linear low-density polyethylene layer, 

2) polyethylene terephthalate film layer/aluminum foil layer/metallocene linear low-density polyethylene layer, 

3) biaxially oriented polypropylene film layer/aluminum foil layer/metallocene linear low-density polyethylene layer, 

4) biaxially oriented nylon film layer/aluminum vapor deposition polypropylene film layer/metallocene linear low- 
density polyethylene layer, and 

5) biaxially oriented polypropylene film layer/aluminum vapor deposition polypropylene film layer/metallocene lin- 
ear low-density polyethylene lay r. 

[0117] The terminology "metallocen linear low-density polyethylene" used herein means the linear low-density pol- 
yethylen prepared with the use of the metallocene olefin polymerization catalyst. 
[0118] Specific forms of the above structure (2) include: 
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1) biaxially oriented nylon film layer/high-pressure-processed low-density polyethylene layer/aluminum foil layer/ 
metalloc ne linear low-density polyethylene layer, 

2) polyethylene terephthalate film layer/high-pressure-processed low-density polyethylene layer/aluminum foil lay- 
er/metallocene linear low-density polyethylene layer, 

3) biaxially oriented polypropylene film layer/highpressure-processed low-density polyethylene layer/aluminum foil 
layer/metallocene linear low-density polyethylene layer, 

4) paper layer/high-pressure-processed low-d nsity polyethylene layer/aluminum foil layer/metallocene linear low- 
density polyethylene lay r, 

5) (high-pressure-processed low-density polyethylene layer/paper layer)/high-pressure-processed low-density 
polyethylene layer/aluminum foil layer/metallocene linear low-density polyethylene layer, 

6) biaxially oriented nylon film layer/layer of a mixture of Ziegler linear low-density polyethylene and high-pressure- 
processed low-density polyethylene/aluminum foil layer/metallocene linear low-density polyethylene layer, 

7) polyethylene terephthalate film layer/layer of a mixture of Ziegler linear low-density polyethylene and high-pres- 
sure-processed low-density polyethylene/aluminum foil layer/metallocene linear low-density polyethylene layer, 

8) biaxially oriented polypropylene film layer/layer of a mixture of Ziegler linear low-density polyethylene and high- 
pressure-processed low-density polyethylene/aluminum foil layer/metallocene linear low-density polyethylene lay- 
er, 

9) paper layer/layer of a mixture of Ziegler linear low-density polyethylene and high-pressure-processed low-den- 
sity polyethylene/aluminum foil layer/metallocene linear low-density polyethylene layer, 

10) (high-pressure-processed low-density polyethylene layer/paper layer)/layer of a mixture of Ziegler linear low- 
density polyethylene and high-pressure-processed low-density polyethylene/aluminum foil layer/metallocene lin- 
ear low-density polyethylene layer, 

11) biaxially oriented nylon film layer/high-pressure-processed low-density polyethylene layer/aluminum vapor 
deposition polypropylene film layer/metallocene linear low-density polyethylene layer, 

12) biaxially oriented polypropylene film layer/highpressure-processed low-density polyethylene layer/aluminum 
vapor deposition polypropylene film layer/metallocene linear low-density polyethylene layer, 

13) paper layer/high-pressure-processed low-density polyethylene layer/aluminum vapor deposition polypropylene 
film layer/metallocene linear low-density polyethylene layer, and 

14) biaxially oriented nylon film layer/high-pressure-processed low-density polyethylene layer/aluminum vapor 
deposition ethylene/vinyl alcohol copolymer film layer/metallocene linear low-density polyethylene layer. 

[0119] The terminology "Ziegler linear low-density polyethylene" used herein means the linear low-density polyeth- 
ylene prepared with the use of the Ziegler olefin polymerization catalyst. 
[0120] Specific forms of the above structure (3) include: 

1) biaxially oriented nylon film layer/high-pressure-processed low-density polyethylene layer/aluminum foil layer/ 
metallocene linear low-density polyethylene layer/high-pressure-processed low-density polyethylene layer, and 

2) biaxially oriented nylon film layer/high-pressure-processed low-density polyethylene layer/aluminum foil layer/ 
metallocene linear low-density polyethylene layer/metallocene linear low-density polyethylene layer. 

[0121] Specific forms of the above structure (4) include: 

1 ) biaxially oriented nylon film layer/high-pressure-processed low-density polyethylene layer/biaxially oriented ny- 
lon film layer/aluminum foil layer/metallocene linear low-density polyethylene layer, 

2) polyethylene terephthalate film layer/high-pressure-processed low-density polyethylene layer/polyethylene 
terephthalate film layer/aluminum foil layer/metallocene linear low-density polyethylene layer, 

3) biaxially oriented polypropylene film layer/highpressure-processed low-density polyethylene layer/biaxially ori- 
ented polypropylene film layer/aluminum foil layer/metallocene linear low-density polyethylene layer, 

4) paper layer/high-pressure-processed low-density polyethylene layer/paper layer/aluminum foil layer/metal- 
locene linear low-density polyethylene layer, and 

5) (high-pressure-processed low-density polyethylene layer/paper layer)/biaxially oriented polypropylene film lay- 
er/high-pressure-processed low-density polyethylene layer/biaxially oriented nylon film layer/aluminum foil layer/ 
metallocene linear low-density polyethylene layer. 

[0122] When th laminat d film of the present invention is a double layer film composed of the aluminum layer (A) 
and the linear low-density polyethylene layer (B) or has its surface layer composed of the linear low-d nsity polyethylene 
layer (B), the concentration of oxygen (excluding oxygen ascribed to the additives, etc.) of linear low-density polyeth- 
ylene per se at the surface of the linear low-density polyethylene layer (B) is in the range of 1.0 to 1.4 atomic %, 
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preferably 1 .2 to 1 .3 atomic %. The oxygen atoms contained in the linear low-density polyethylene per se at the surface 
of th linear low-density polyethylene layer (B) are brought from outside like the atmosphere oxyg n and are beli ved 
to be taken in from, for example, the atmosphere oxygen when the aluminum layer (A) is laminated with the linear low- 
density polyethylene layer (B) by extrusion. When this oxygen concentration is in the abov range, high heat seal 
str ngth and iow seal starting temperature can be realized. This oxygen concentration can be det rmined by producing 
an X-ray photoelectron spectrum of the surface of the linear low-density polyethylene layer (B), determining an atomic 
composition from the peak intensities and making a calculation. When not only the linear low-density polyethylene but 
a'so the add*ives, etc. a-e cortared r t u e 'rea' 'ow-dens : ty polyet K y'ere 'aye' (BJrthe detei~rat : or o 4 t K e oxyger - 
concentration can be effected with the additives, etc. excluded. 

Process for producing laminated film 

[0123] The laminated film consisting of the aluminum layer (A) and the linear low-density polyethylene layer (B) 
according to the present invention can be produced by the employment of the customary extrusion lamination technique 
and by regulating the lamination conditions so that the oxygen concentration at the surface of the linear low-density 
polyethylene layer (B) falls within the range of 1 .0 to 1 .4 atomic %. For example, the laminated film can be produced 
by heating the linear low-density polyethylene prepared with the use of the metallocene olefin polymerization catalyst 
at 310 to 320°C, preferably 312 to 318°C (resin temperature) and by regulating the lamination atmosphere and lami- 
nation speed. 

[0124] Further, the laminated film consisting of a laminate of the linear low-density polyethylene layer (B), the alu- 
minum layer (A) and substrate layer (C) arranged in this order according to the present invention can be produced by, 
for example, carrying out a dry lamination of the substrate layer (C) and the aluminum layer (A) and overlaying the 
aluminum layer (A) with the linear low-density polyethylene layer (B) by the extrusion lamination conducted under the 
above conditions. 

[0125] Still further, the laminated film consisting of a laminate of the linear low-density polyethylene layer (B), the 
aluminum layer (A), the polyethylene layer (D) and the substrate layer (C) arranged in this order according to the 
present invention can be produced by, for example, laminating the substrate layer (C) with the polyethylene layer (D) 
and the aluminum layer (A) in this order in accordance with the tandem lamination technique and thereafter overlaying 
the aluminum layer (A) with the linear low-density polyethylene layer (B) by the extrusion lamination conducted under 
the above conditions. 

[0126] The laminated films of the present invention with layer structures different from those of the above laminated 
films can also be produced by the employment of the above lamination technique or the like. 

EFFECT OF THE INVENTION 

[0127] The present invention enables providing at low cost a laminated film which comprises an aluminum layer 
composed of, for example, an aluminum foil or an aluminum vapor deposition film and a linear low-density polyethylene 
layer prepared with the use of a metallocene olefin polymerization catalyst, thereby having a desirable balance of 
aluminum bond strength and heat sealing properties of linear lowrdensity polyethylene layers. Further, the present 
invention enables providing at low cost a laminated film comprising at least a linear low-density polyethylene layer, an 
aluminum layer composed of, for example, an aluminum foil or an aluminum vapor deposition film and a substrate 
layer arranged in this order by adding layers to the above laminated film. 

[0128] The laminated film of the present invention is suitable to, for example, a packaging material for dry foods. 
Examples of dry foods include snacks such as potato chips, sweet stuffs such as biscuits, rice crackers and chocolate, 
powder flavorings such as powder soup and stock, and foods such as flakes of dried bonito and smoked meat. 

EXAMPLE 

[0129] The present invention will now be illustrated in greater detail with reference to the following Examples, which 
in no way limit the scope of the invention. 

[0130] With respect to the laminated films obtained in the Examples and Comparative Examples, the tests for the 
heat sealing properties, aluminum bond strength and surface oxygen concentration were carried out in the following 
manners: 
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<Testing method> 

(1 ) Heat sealing properties: 

s [01 31] A heat seal strength test was conducted under the below indicated conditions. A heat seal starting t mp rature 
was measured in the heat seal strength testing, and the low temperature heat sealing properties were evaluated by 
the heat seal starting temperature. The terminology "heat seal starting temperature" used herein means the temperature 
exhibited upon the chang of interfacial peeling to cohesive pe ling on the peel surface in the heat seal strength testing. 

10 [Heat sealing conditions] 

[0132] 

one-side heating bar sealer employed, 
15 heat seal pressure: 2 kg/cm 2 , 

heat seal time: 0.5 sec, 

width of seal bar: 10 mm, 

width of test piece: 15 mm, 

peel angle: 180 degrees, and 
20 peel speed: 300 mm/min. 

(2) Aluminum bond strength: 

[01 33] Extrusion laminated film of the structure: paper layer/high-pressure-processed low-density polyethylene layer 
25 (20 |im thickness)/aluminum foil layer (9 ujti thickness)/sealant resin layer (30 \xm thickness)/urethane anchor coating 
agent/polyethylene terephthalate layer (1 2 u.m thickness) was prepared, and the bond strength between the aluminum 
layer and the sealant resin layer was measured under the following conditions. 

[Conditions for measuring interlayer bond strength] 

30 

[0134] 

pee! angle: 180 degrees, 
peel speed: 300 mm/min, and 
35 width of test piece: 15 mm. 

(3) Surface oxygen concentration: 

[0135] An X-ray photoelectron spectrum of the surface of the metallocene linear low-density polyethylene layer of 
40 each extrusion laminated film was produced, an atomic composition was determined from the peak intensities, and 
the surface oxygen concentration was calculated. 

[0136] With respect to the linear low-density polyethylene (ethylene/a-oiefin copolymer) for use in the present inven- 
tion, the property value definitions and measuring methods are as follows: 

45 (1) Density: 

[0137] A strand obtained at the time of measuring the melt flow rate at 190°C under a load of 2.16 kg was heated 
at 100°C for 1 hr and slowly cooled to room temperature over a period of 1 hr, and the density of the cooled strand 
was measured by means of a density gradient tube. 

so 

(2) Composition of copolymer: 

[0138] The composition of each copolymer was determined by 13 C-NMR. Specifically, about 200 mg of copolymer 
powder was homogeneously dissolved in 1 ml of hexachlorobutadiene in a sample tube of 10 mm diameter. The com- 
55 position was determined by producing a 13 C-NMR spectrum of the thus prepared sampl under such conditions that 
the measuring temperature, m asuring frequency, spectrum width, pulse repetition period and pulse width were 120°C, 
25.05 MHz, 1500*Hz, 4.2 sec and 6 u,sec, resp ctively. 
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(3) Melt flow rate (MFR): 

[0139] The melt flow rate was measured at 190°C under a load of 2.16 kg in accordance with ASTM D 1238-65T. 

5 (4) Maximum peak temperature measured by differential scanning calorimeter (DSC) (Tm): 

[0140] The measuring was conducted by the use of model DSC-7 apparatus manufactured by Perkin-Elmer Corp. 
The temperature (Tm) at the maximum peak position of endoth rmic curve was determined from the ndothermic curve 
obtained by packing an aluminum pan with about 5 mg of each sample, heating it to 200°C at a rate of 10°C/min, 
10 maintaining 200°C for 5 min, conducting a cooling to room temperature at a rate of 10°C/min and conducting a heating 
at a rate of 10°C/min. 

(5) n-Decane soluble content (W): 

75 [0141] The n-decane soluble content of copolymer was determined by adding about 3 g of each copolymer to 450 
ml of n-decane, effecting a dissolution at 145°C, cooling to 23°C, filtering to thereby remove n-decane insoluble matter 
and recovering n-decane soluble matter from the filtrate. 
[0142] The n-decane soluble content is defined as follows: 

20 

W= (wt. of n-decane soluble matter)/(wt. of n-decane insoluble plus soluble matter) x 100 (%). 

[0143] The smaller the n-decane soluble content, the narrower the composition distribution. 
2S (6) Melt tension (MT): 

[0144] The melt tension was determined by stretching each molten polymer at a fixed speed and measuring the 
stress at the stretching. Specifically, each copolymer was pelletized to obtain a sample, and the measuring was con- 
ducted by the use of MT tester manufactured by Toyo Seiki Co., Ltd. under such conditions that the resin temperature, 
30 extrusion speed, take-up speed, nozzle diameter and nozzle length were 190°C, 15 mm/min, 10 to 20 m/min, 2.09 mm 
and 8 mm, respectively. 

(7) Fluidity index (Fl) : 

35 [0145] The fluidity index was determined by extruding each resin through a capillary while changing the shearing 
rate and measuring the stress at the extrusion. Specifically, use was made of the same sample as in the MT measure- 
ment, and the measuring was performed by means of capillary flow property tester manufactured by Toyo Seiki Co., 
Ltd. under such conditions that the resin temperature and shearing stress range were 190°C and from about 5 x 10 4 
to 3 x 10 6 dyne/cm 2 , respectively. 

40 [0146] The measuring was conducted with the diameter of the nozzle (capillary) changed depending on the MFR (g/ 
10 min) of measured resin, as follows: 

0.5 mm when MFR > 20, 
1 .0 mm when 20 £ MFR > 3, 
*s 2.0 mm when 3 £ MFR > 0.8, and 

3.0 mm when 0.8 > MFR. 

Example 1 

50 [0147] A urethane anchor coating agent was applied onto one side of 1 5 |im thick biaxially oriented nylon film (trade 
name: Emblem ONM, produced by Unitika, Ltd.; hereinafter referred to as "film ONy"), and the solvent thereof was 
evaporated off. The treated side of the film ONy was overlaid at a thickness of 25 ^im with a resin blend consisting of 
50 parts by weight of linear low-density polyethylene prepared with the use of Ziegler olefin polymerization catalyst 
(hereinafter referred to as "polyethylene T-LLDPE") and a 50 parts by weight of high-pressure-processed low-density 

ss polyethylene (hereinaft r referred to as "polyethylene HPLDPE M ) by extrusion lamination. The r sin blend layer was 
further overlaid at a thickness of 30 |im with linear low-density polyethylene prepared with the use of m tallocene olefin 
polymerization catalyst (hereinafter referred to as "polyethylene M-LLDPE n ) whose density, MFR and a-olefin were 
0.900 g/cm 3 , 7.3 g/10 min and 1 -oct ne, respectively, by extrusion lamination. Thus, th re was obtained an extrusion 
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laminated film consisting of: 15 |im thick layer of film ONy / 25 p.m thick layer of resin blend of polyethylene T-LLDPE 
and polyethylene HPLD / 30 \im thick layer of polyethylene M-LLDPE. 

[0148] The above extrusion lamination was performed by means of a laminator equipped with an extrud r of 65 mm 
diamet r and a T-die of 500 mm width under such conditions that the take-off speed, die lower resin temperatur and 

s air gap were 80 m/min, 315°C and 130 mm, respectively. 

[0149] With respect to the thus obtained extrusion laminat d film, the heat seal strength and low-temperature heat 
sealing properties of polyethylene M-LLDPE layers and the surface oxygen concentration of polyethylene M-LLDPE 
layer were measured and evaluated by the above methods. 
[0150] The results are given in Table 1 . 

io [0151] A urethane anchor coating agent (hereinafter referred to as "agent AC") was applied onto 12 ^im thick poly- 
ethylene terephthalate film (trade name: Lumirror, produced by Toray Industries, Inc.; hereinafter referred to as "film 
PET"), and the solvent thereof was evaporated off. A sandwich lamination of the above polyethylene M-LLDPE was 
performed at a thickness of 30 jim together with a laminated film consisting of: paper layer / 20 \im thick layer of 
polyethylene HPLDPE / 9 jim thick layer of aluminum as a sandwich film, so that an extrusion laminated film consisting 

is of: paper layer / 20 |im thick layer of polyethylene HPLDPE / 9 |im thick layer of aluminum / 30 fim thick layer of 
polyethylene M-LLDPE / agent AC / 1 2 (j.m thick layer of film PET was produced. 

[0152] The above sandwich lamination was performed by means of a laminator equipped with an extruder of 65 mm 
diameter and a T-die of 500 mm width under such conditions that the take-off speed, die lower resin temperature and 
air gap were 80 m/min, 315°C and 130 mm, respectively. 
20 [0153] With respect to the thus obtained laminated film, the interlayer bond strength between the aluminum and the 
polyethylene M-LLDPE was measured by the above method. 
[0154] The results are given in Table 1 . 

Example 2 

25 

[0155] An extrusion laminated film consisting of: 15 fim thick layer of film ONy / 25 |im thick layer of resin blend of 
polyethylene T-LLDPE and polyethylene HPLDPE / 30 |im thick layer of polyethylene M-LLDPE, and an extrusion 
laminated film consisting of: paper layer / 20 jim thick layer of polyethylene HPLDPE / 9 \m\ thick layer of aluminum / 
30 |im thick layer of polyethylene M-LLDPE / agent AC / 1 2 (j.m thick layer of film PET were produced in the same 
30 manner as in Example 1 except that the air gap was adjusted to 200 mm. With respect to the thus obtained extrusion 
laminated films, the heat seal strength and low-temperature heat sealing properties of polyethylene M-LLDPE layers, 
the surface oxygen concentration of polyethylene M-LLDPE layer and the interlayer bond strength between the alumi- 
num and the polyethylene M-LLDPE were measured and evaluated by the above methods. 
[0156] The results are given in Table 1. 

35 

Example 3 

[0157] An extrusion laminated film consisting of: 1 5 ^im thick layer of film ONy / 25 nm thick layer of resin blend of 
polyethylene T-LLDPE and polyethylene HPLDPE / 20 ^im thick layer of polyethylene M-LLDPE, and an extrusion 

40 laminated film consisting of: paper layer / 20 \im thick layer of polyethylene HPLDPE / 9 |im thick layer of aluminum / 
20 \irr\ thick layer of polyethylene M-LLDPE / agent AC / 12 thick layer of film PET were produced in the same 
manner as in Example 1 except that the thickness of the layer of polyethylene M-LLDPE was 20 (j.m. With respect to 
the thus obtained extrusion laminated films, the heat seal strength and low-temperature heat sealing properties of 
polyethylene M-LLDPE layers, the surface oxygen concentration of polyethylene M-LLDPE layer and the interlayer 

45 bond strength between the aluminum and the polyethylene M-LLDPE were measured by the above methods. 
[0158] The results are given in Table 1 . 

Comparative Example 1 

50 [0159] An extrusion laminated film consisting of: 1 Sjom thick layer of film ONy / 25 thick layer of resin blend of 
polyethylene T-LLDPE and polyethylene HPLDPE / 30 fim thick layer of polyethylene M-LLDPE, and an extrusion 
laminated film consisting of: paper layer / 20 ^m thick layer of polyethylene HPLDPE / 9 [im thick layer of aluminum / 
30 |im thick layer of polyethylene M-LLDPE / agent AC / 12 |im thick layer of film PET were produced in the same 
manner as in Example 1 except that th laminating resin temperature for the formation of the layer of polyethylene M- 

5S LLDPE was 305°C. With respect to th thus obtained extrusion laminated films, the heat seal strength and low-tem- 
perature heat sealing properties of polyethylene M-LLDPE layers, the surface oxyg n concentration of polyethylene 
M-LLDPE layer and the interlay r bond strength between the aluminum and the polyethylene M-LLDPE w re measured 
and evaluated by the above methods. 
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Comparative Example 2 

s [0161] An extrusion laminated film consisting of: 15 \im thick layer of film ONy / 25 jam thick layer of resin blend of 
polyethylene T-LLDPE and polyethylene HPLDPE / 30 jim thick layer of polyethylene M-LLDPE, and an extrusion 
laminated film consisting of: paper layer / 20 ^im thick layer of polyethylen HPLDPE / 9 ^m thick layer of aluminum / 
30 ^m thick layer of polyethylene M-LLDPE / agent AC / 12 ^im thick layer of film PET were produced in the same 
manner as in Example 1 except that the laminating resin temperature for the formation of the layer of polyethylene M- 

10 LLDPE was 325°C. With respect to the thus obtained extrusion laminated films, the heat seal strength and low-tem- 
perature heat sealing properties of polyethylene M-LLDPE layers, the surface oxygen concentration of polyethylene 
M-LLDPE layer and the interlayer bond strength between the aluminum and the polyethylene M-LLDPE were measured 
and evaluated by the above methods. 
[0162] The results are given in Table 1 . 

15 

Comparative Example 3 

[0163] An extrusion laminated film consisting of: 15 |am thick layer of film ONy / 25 |im thick layer of resin blend of 
polyethylene T-LLDPE and polyethylene HPLDPE / 30 ^im thick layer of polyethylene HPLDPE, and an extrusion lam- 

20 inated film consisting of: paper layer / 20 (j.m thick layer of polyethylene HPLDPE / 9 |im thick layer of aluminum / 30 
(im thick layer of polyethylene HPLDPE / agent AC / 12 (xm thick layer of film PET were produced in the same manner 
as in Example 1 except that the layer of polyethylene M-LLDPE was changed to a layer of polyethylene HPLD and 
that the laminating resin temperature for the formation thereof was 320°C. With respect to the thus obtained extrusion 
laminated films, the heat seal strength and low-temperature heat sealing properties of polyethylene HPLDPE layers, 

25 the surface oxygen concentration of polyethylene HPLDPE layer and the interlayer bond strength between the alumi- 
num and the polyethylene HPLDPE were measured and evaluated by the above methods. 
[0164] The results are given in Table 1 . 



Comparative Example 4 

30 

[0165] An extrusion laminated film consisting of: 15 ^im thick layer of film ONy / 25 |om thick layer of resin blend of 
polyethylene T-LLDPE and polyethylene HPLDPE / 30 nm thick layer of ionomer resin, and an extrusion laminated film 
consisting of: paper layer / 20 |xm thick layer of polyethylene HPLDPE / 9\m thick layer of aluminum / 30 |im thick 
layer of ionomer resin / agent AC / 12 \m\ thick layer of film PET were produced in the same manner as in Example 1 

35 except that the layer of polyethylene M-LLDPE was changed to a layer of ionomer resin (trade name: Himilan H1 652, 
produced by Mitsui DuPont Polychemical Co., Ltd.) and that the laminating resin temperature for the formation thereof 
was 290°C. With respect to the thus obtained extrusion laminated films, the heat seal strength and low-temperature 
heat sealing properties of ionomer resin layers and the interlayer bond strength between the aluminum and the ionomer 
resin were measured and evaluated by the above methods. 

40 1 [0166] The results are given in Table 1. 

Comparative Example 5 

[0167] An extrusion laminated film consisting of: 15 yum thick layer of film ONy / 25 \m thick layer of resin blend of 
45 polyethylene T-LLDPE and polyethylene HPLDPE / 30 ^im thick layer of copolymer EMAA, and an extrusion laminated 

film consisting of: paper layer / 20 \m\ thick layer of polyethylene HPLDPE / 9 pm thick layer of aluminum / 30 thick 
. layer of copolymer EMAA / agent AC / 1 2 (im thick layer of film PET were produced in the same manner as in Example 

1 except that the layer of polyethylene M-LLDPE was changed to a layer of ethylene/methacrylic acid copolymer (herein 

referred to as "copolymer EMAA") (trade name: Nucrel N0908C, produced by Mitsui DuPont Polychemical Co., Ltd.) 
50 and that the laminating resin temperature for the formation thereof was 280°C. With respect to the thus obtained 

extrusion laminated films, the heat seal strength and low-temperature heat sealing properties of copolymer EMAA 

layers and the interlayer bond strength between the aluminum and the copolymer EMAA were measured and evaluated 

by the above methods. 

[0168] The results are given in Table 1 . 

55 
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Table 1 





Ex. 1 


Ex. 2 


Ex. 3 


Comp. 
Ex. l 


jcqxcuil xay ci. 




M— T.T .nPTT 




M-LLDPE 


Sealant layer 
laminating condition 










laminating resin 

temp. [°C] 

coat thickness [fJm] 
air gap [mml 


315 
30 
130 


315 
30 
200 


315 
20 
130 


305 
30 
130 


Heat seal strength 

[N/15mm] 










seal temp. 90°C 
95°C 
100°C 
105°C 
110°C 
120°C 
13 0°C 

JL4U C 


11.4 
20.5 
30.3 
33.4 
45.1 
50.7 
50.4 

c n o 
bU . 8 


10.0 
17.9 
26.5 
29.2 
42.7 
49.8 
50.3 

50 . 5 


10.4 
19.5 
29.3 
30.5 
44.4 
50.5 
50.6 
50 . 2 


11.8'" 
22.9 
34.5 
44.7:. 
57.6 • 
64.7 
66.5 
65 . 0 


Heat seal starting 

temp. [°C] 


110 


110 


110 


110 


Surface oxygen concn. 
of M-LLDPE layer 

[atom%] 


1.2 


1.4 


1.3 


0.9 


Bond strength to Al 

rN/15mm] 


1.8 


1.6 


1.8 


< 0.1 



(Note) M-LLDPE: 

LLDPE prepd. using metallocene olefin polymn. 
catalyst 
HPLDPE: 

high-pressure-processed low-density 
polyethylene 
EMAA: 

ethylene /me tacry lie acid copolymer 
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Table 1 (cont) 





Comp . 
Ex. 2 


Comp. 
Ex. 3 


Comp. 
Ex. 4 


Comp. 
Ex. 5 


Sealant layer 


M-LLDPE 


HPLD 


ionomer 
resin 


EMAA 


Sealant layer 
laminating condition 










laminating resin 

temp. [°C] 

coat thickness [|im] 
air qap [mm] 


325 
30 
130 


320 
30 
130 


290 


280 


Heat seal strength 

[N/15mm] 










seal temp. 90°C 
95°C 
100°c 
105°C 
110°C 
120°C 
130°C 
140°C 


6.6 
12.6 
15.8 
19.0 
24.4 
23.6 
23 .9 
26.7 


1 . 1 
1.2 
1.2 
3.5 
15.0 
27.1 
31.5 
32 .0 


3 . 8 
4.7 
10.2 
23 .2 
29.3 
34.4 
34.1 
33 . 7 


3.7 
8 . 3 
19.5 

29. 3 : ' 
39.8 
39.8 
37.9 


Heat seal starting 

temp. [°C] 


> 140 


120 


110 


115 


Surface oxygen concn. 
of M-LLDPE layer 

[atom%l 


1.5 








Bond strength to Al 

[N/15mm] 


3.0 


1.5 


4.9 


5.3 



(Note) M-LLDPE: 

LLDPE prepd. using metallocene olefin polymn. 
catalyst 
HPLDPE: 

high-pressure-processed low-density 
polyethylene 
EMAA: 

ethylene/metacrylic acid copolymer 



[0169] Upon comparison of the heat sealing prop rti s of polyethylene M-LLDPE lay rs of the extrusion laminated 
film of Example 1 in which the production was performed with the resin temperature of polyethylene M-LLDPE regulated 
to 315°C to the heat sealing properti s of ionomer resin layers of the xtrusion laminated film with similar structure of 
Comparative Exampl 4 in which the production was performed with the resin temperature of ionomer resin regulated 
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to 290°C, it was found that, although the low-temperature heat sealing properties were similar, the heat seal strength 
(110°C) of the former was 1 .5 times that of the latter. 

[0170] Likewise, upon comparison of the heat s aling properties of polyethylene M-LLDPE layers of the extrusion 
laminated film of Example 1 to the heat sealing properties of copolymer EMAA layers of the extrusion laminat d film 

5 of Comparative Example 5 in which the production was performed with the resin temperature of copolymer EMAA 
regulated to 280°C, it was found that the low-temperature heat sealing properties of the former were 5°C lower than 
those of the latter and the heat seal strength (120°C) of the former was 1 .3 times that of the latter. 
[0171] In these Examples, the bond strength to the aluminum layer was practically satisfactory although it decreased. 
On the other hand, the bonding of polyethylene M-LLDPE layers was extremely enhanced to thereby render the overall 

10 evaluation as packaging material excellent. 

Example 4 

Production of ethylene/1 -hexene copolymer (linear low-density polyethylene) 

75 

[Preparation of catalyst component] 

[0172] 7.9 g of silica dried at 250°Cfor 10 hr was suspended in 121 lit. of toluene and cooled to 0°C. Thereafter, 41 
lit. of a toluene solution of methylaluminooxane (Al: 1 .47 mol/lit.) was dropped into the suspension over a period of 1 

20 hr. During the dropping, the temperature of the reaction system was maintained at 0°C. The reaction between silica 
and methylaluminooxane was performed at 0°C for 30 min, and the temperature was raised to 95°C over a period of 
1 .5 hr. At that temperature, the reaction was performed for 4 hr. Thereafter, the temperature was lowered to 60°C, and 
the supernatant was removed by decantation. The thus obtained solid component was washed with toluene twice and 
resuspended in 1 25 lit. of toluene. 20 lit. of a toluene solution of bis(1 ,3-dimethylcyclopentadienyl)zirconium dichloride 

2S (Zr: 28.4 mmol/lrt.) was dropped into the suspension at 30°C over a period of 30 min and reacted at 30°C for 2 hr. The 
supernatant was removed, and washing was performed with hexane twice. Thus, there was obtained a solid catalyst 
containing 4.6 mg of zirconium per g. 

[Preparation of prepolymerized catalyst] 

30 

[0173] 4.3 kg of the thus obtained solid catalyst was added to 160 lit. of hexane containing 16 mol of triisobutylalu- 
minum, and a prepolymerization of ethylene was performed at 35°C for 3.5 hr. Thus, there was obtained a prepolym- 
erized catalyst having 3 g of polyethylene produced by prepolymerization per g of the solid catalyst. The intrinsic 
viscosity fa], measured in 1 35°C decalin, of the ethylene polymer was 1 .27 dl/g. 

35 

[Polymerization] 

[0174] Copolymerization of ethylene and 1 -hexene was performed by means of a continuous fluid-bed gaseous- 
phase polymerization apparatus under such conditions that the total pressure and polymerization temperature were 
40 20 kg/cm 2 -G and 80°C, respectively. The above prepolymerized catalyst was continuously fed into the apparatus at a 
rate of 0.05 mmol/hr in terms of zirconium atom, and triisobuty (aluminum at a rate of 10 mmol/hr, and ethylene, 1 -hex- 
ene, hydrogen and nitrogen were also continuously fed into the apparatus so that a constant gas composition was 
maintained during the polymerization. 

[0175] With respect to the thus obtained ethylene/a-olefin copolymer (M-LLDPE-2), the yield, density, MFR, melting 
45 point maximum peak measured by DSC and n-decane soluble content at 23°C were 5.2 kg/hr, 0.900 g/cm 3 , 5.6 g/10 
min, 102.8.0°C and 0.82% by weight, respectively. 



so 



ss 
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Table 2 



Ethylene 


Comonomer 


Density 


MFR 


MT 


*1 


copolymer 


type 


Content 
mol% 


g/cm^ 


g/lOmin 


g 




M-LLDPE-2 


1 -hexene 


6.7 


0.900 


5.6 


1.6 


0.51 






Table 


2 (cont) 









10 



15 





Ethylene 


FI 


*2 


n-decane 


*3 


Tm 


*4 




copolymer 






soluble content 








20 




s-i 




wt% 




°C 






LLDPE-2 


820 


420 


0.82 


10.9 


102.8 


110.0 



25 



30 



*1: value of 2.2 x MFR" 0 * 84 

*2: value of 75 x MFR 

*3: value of 80 x exp (-100 (d-0 . 88) ) +0.1 

*4: value of 400 x d - 250 



35 

[0176] The procedure of Example 1 was repeated except that the.above-obtained ethylene/1 -hexene copolymer (M- 
LLDPE-2) was used in place of the linear low-density polyethylene M-LLDPE, to thereby obtain an extrusion laminated 
film consisting of: 15 ^m thick layer of film ONy / 25 ^m thick layer of resin blend of polyethylene T-LLDPE and poly- 
ethylene HPLDPE / 30 |im thick layer of polyethylene M-LLDPE-2 and an extrusion laminated film consisting of: paper 
40 layer / 20 urn thick layer of polyethylene HPLDPE / 9 \w\ thick layer of aluminum / 30 urn thick layer of polyethylene 
M-LLDPE-2 / agent AC / 12 \w\ thick layer of film PET. 

[0177] With respect to the thus obtained laminated films, the heat seal strength, low-temperature heat sealing prop- 
rties of polyethylene M-LLDPE-2 layers, the surface oxygen concentration of polyethylene M-LLDPE-2 layer and the 
interlayer bond strength between the aluminum and the polyethylene M-LLDPE-2 were measured by the above method, 
45 [0178] The results are given in Table 3. 

Example 5 

[0179] The procedure of Example 1 was repeated except that the above-obtained ethylene/1 -hexene copolymer (M- 
50 LLDPE-2) was used in place of the linear low-density polyethylene M-LLDPE, to thereby obtain an extrusion laminated 
film consisting of: 30 |im thick layer of polyethylene M-LLDPE-2 / 9 |im thick layer of aluminum / 15 |xm thick layer of 
film ONy. 

[0180] With respect to the thus obtained laminated films, the heat sea! strength, iow-temperature heat sealing prop- 
erti s of polyethylene M-LLDPE layers, the surface oxygen concentration of polyethylen M-LLDPE-2 lay r and the 
55 int rlayerbondstr ngth between the aluminum and the polyethylene M-LLDPE-2 wer measured by the abov m thod. 
[0181] The results ar giv n in Table 3. 
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Example 6 

[0182] The procedure of Example 1 was repeated except that the above-obtained ethylene/1 -hexene copolymer (M- 
LLDPE-2) was used in place of the linear low-density polyethylene M-LLDPE, to thereby obtain an xtrusion laminated 
s film consisting of: 30 |im thick layer of polyethylene M-LLDPE-2 / 9 ^im thick layer of aluminum / 20 \m thick lay r of 
HPLDPE / 1 5 ^im thick layer of film ONy. 

[0183] With respect to the thus obtained laminated films, the heat seal strength, low-temperature heat sealing prop- 
erties of polyethylene M-LLDPE layers, the surface oxygen concentration of polyethylene M-LLDPE-2 layer and the 
, interlayer bond strength between the aluminum and the polyethylene M-LLDPE-2 were measured by the above method. 

10 [0184] The results are given in Table 3. 

Comparative Example 6 

[0185] The procedure of Example 6 was repeated except that the polyethylene HPLDPE was used in place of eth- 
15 ylene/1 -hexene copolymer (M-LLDPE-2), to thereby obtain an extrusion laminated film consisting of: 30 jam thick layer 
of polyethylene HDLDPE / 9 \im thick layer of aluminum / 20 (xm thick layer of HPLDPE / 15 jxm thick of film ONy. 
[0186] With respect to the thus obtained laminated films, the heat seal strength, low-temperature heat sealing prop- 
rties of polyethylene HPLDPE layers and the surface oxygen concentration of polyethylene HPLDPE layer the inter- 
layer bond strength between the aluminum and the polyethylene HPLDPE were measured by the above method. 

20 

Example 7 

[0187] The procedure of Example 1 was repeated except that the above-obtained ethylene/1 -hexene copolymer (M- 
LLDPE-2) was used in place of the linear low-density polyethylene M-LLDPE, to thereby obtain an extrusion laminated 
25 film consisting of: 30 ^im thick layer of polyethylene M-LLDPE-2 / 9 \irr\ thick layer of aluminum / 12 fim thick layer of 
PET / 20 ^m thick layer of HPLDPE / 15 urn thick layer of film ONy 

[0188] With respect to the thus obtained laminated films, the heat seal strength, low-temperature heat sealing prop- 
erties of polyethylene M-LLDPE layers the surface oxygen concentration of polyethylene M-LLDPE-2 layer and the 
interlayer bond strength between the aluminum and the polyethylene M-LLDPE-2 were measured by the above method. 
30 [0189] The results are given in Table 3. 
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Table 3 





Ex . 4 










M- 


M- 


M- 


Sealant layer 




LLDPE-2 


LLDPE-2 


LLDPE-2 


Sealant layer 










laminating condition 










laminating resin temp. [°C] 


315 


315 


315 


coat thickness 


[Mm] 


30 


30 


30 


air gap 


[mm] 


130 


130 


130 


Heat seal strength 


[N/15mm] 








seal temp. 


90°C 


10.4 


11.8 


9.9 


95°C 


21.1 


22.4 


21.0 




100°C 


30 . 8 


33 ,5 


31.0 




105°C 


35 . 7 


41 . 8 


36.1 




110°C 


.43 . 9 


44.0 


42 . 7 . 




120°C 


50.8 


45.5 


45.1 




130°C 


Jv • V 


A C 1 
?J . 1 






140°C 


51.2 


44.8 


45.6 


Heat seal starting temp. [°C] 


110 


105 


110 


Surface oxygen concn. 


of 








M-LLDPE-2 laver 


[atom%] 


1.3 


1.3 


1.2 


Bond strength to Al 


[N/15mm] 


1.9 


2.1 


2.0 



(Note) M-LLDPE-2: 

LLDPE prepd. using metallocene olefin polymn. 
catalyst 
HPLDPE: 

high-pressure-processed low-density 
polyethylene 
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Table 3 (cont) 





Comp . Ex . 6 


Ex.7 


Sealant layer 


HPLDPE 


M-LLDPE-2 


Sealant layer 
laminating condition 






laminating resin temp. [°C] 
coat thickness [pm] 
air aap [mm] 


320 
30 
130 


315 
30 
130 


Heat seal strength [N/15mm] 

95°C 

lull l*. 

105°C 
110°C 

.1. .L, W V* 

120°C 
130°C 
140°C 


1 . 0 

i.i 

1 0 

1.4 

O.J 

21.1 
30.2 
31.8 


4.3 
11.3 

i o o 
lo . 3 

31.2 

45.5 
44.8 
45.2 


Heat seal startincr temp. f°C] 


130 


110 


Surface oxygen concn. of 
M-LLDPE-2 laver [atom%] 




1.2 


Bond strength to Al [N/15mml 


1.9 


2.1 



(Note) M-LLDPE-2: 

LLDPE prepd. using metallocene olefin polymn. 
catalyst 
HPLDPE: 

high-pressure-processed low-density 
polyethylene 



Claims 

1 . A laminated film comprising an aluminium layer (A) and, superimposed on one side thereof by extrusion lamination, 
a linear low-density polyethylene layer (B), 

wherein said linear low-density polyethylene layer (B) is prepared by use of a metallocene olefin polymeri- 
zation catalyst and has 

(i) a density (d; m asured in accordance with ASTM D 1505) of 0.895 to 0.930 g/cm 3 ; and 

(ii) A melt flow rate (MFR; measured at 190°C under a load of 2.16 kg in accordance with ASTM D 1238) of 
0.1 to 100 g/10 min; 



wherein the linear low-density polyethylene exhibits an oxygen concentration of 1.0 to 1.4 atomic % at the 
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surface of lay r (B). 

A laminated film as claimed in claim 1 , wherein the linear low-density polyethylene of layer (B) is a copolymer of 
ethylene and an a-olefin, the linear low-density polyethylene having: 

(iii) a melt flow rate (MFR, g/10 min) and a melt tension (MT, g) measured at 190°C, which satisfy the rela- 
tionship: 

MT>2.0xMFR 

(iv) a fluidity index (Fl , Usee) defined as the shearing rate exhibited when the shearing stress of molten polymer 
at 1 90°C has reached 2.4 x 10 6 dyne/cm 2 , the fluidity index and the melt flow rate (MFR, g/10 min) satisfying 
the relationship: 

FI>75xMFR; 

(v) a n-decane soluble content (W, wt.%) measured at 23°C, the n-decane soluble content and the density (d, 
g/cm 3 ) satisfying the relationship: 

when MFR < 1 0 g/1 0 min, 

W < BO x exp (-100 (d-0.88)) + 0.1, 

and 

when MFR > 1 0 g/1 0 min, 

W < 80 x (MFR-9) 0 26 x exp (-1 00 (d-0.88)) + 0. 1 ; 

and 

(vi) a temperature exhibited at the maximum peak of endothermic curve obtained by a differential scanning 
calorimeter (Tm t °C), the temperature and the density (d, g/cm) satisfying the relationship: 

Tm < 400d - 250. 

A laminated film as claimed in claim 2, wherein: 

(iii) the melt flow rate (MFR, g/1 0 min) and melt tension (MT, g) measured at 1 90°C satisfy the relationship: 

MT > 2.2 x MFR" 0 ' 84 ' 

A laminated film as claimed in any one of claims 1 to 3, wherein a substrate layer (C) is further superimposed on 
the opposite side of the aluminium layer (A) remote from the linear low-density polyethylene layer (B). 

A laminated film as claimed in any one of claims 1 to 3, wherein a polyethylene layer (D) and a substrate layer (C) 
in this order are further superimposed on the opposite side of the aluminium layer (A) remote from the linear low- 
density polyethylene layer (B). 

A laminated film as claimed in any one of claims 1 to 3, wherein a first polyethylene layer (D) and a substrate layer 

(C) in this order are further superimposed on the opposite side of the aluminium layer (A) remote from the linear 
low-d nsity polyethylen layer (B) and wherein a second polyethylene layer (D) is further superimposed on the 
linear low-density polyethyl ne layer (B). 

A laminated film as claimed in any one of claims 1 to 4, wherein a first substrate layer (C), a polyethylene layer 

(D) and a second substrate layer (C) in this order are further superimposed on the opposite side of the aluminium 
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layer (A) remote from the linear low-density polyethylene layer (B). 

A laminated film as claimed in any one of claims 1 to 7, wherein the aluminium layer (A) is an aluminium foil or an 
aluminium vapor deposition film. 

A laminated film as claimed in any one of claims 4 to 7, wherein the substrate layer (C) is composed of paper, a 
polyamide film, a polyester film or a polypropylene film. 

A laminated film as claimed in any one of claims 5 to 7, wherein the polyethylene layer (D) is composed of a high- 
pressure-processed low-density polyethylene, a linear low-density polyethylene or a mixture thereof. 
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(54) Laminated film 

(57) A laminated film comprising an aluminium layer 

(A) and, superimposed on one side thereof by extrusion 
lamination, a linear low-density polyethylene layer (B), 

wherein said linear low-density polyethylene layer 

(B) is prepared by use of a metallocene olefin polymer- 
ization catalyst and has 

(i) a density (d; measured in accordance with ASTM 



D 1 505) of 0.895 to 0.930 g/cm 3 ; and 
(ii) A melt flow rate (MFR; measured at 1 90°C under 
a load of 2.1 6 kg in accordance with ASTM D 1 238) 
of 0.1 to 100 g/10 min; 

wherein the linear low-density polyethylene exhib- 
its an oxygen concentration of 1 .0 to 1 .4 atomic % at the 
surface of layer (B). 
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